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(54) Low-profile automatic injection device with seH-emptying reservoir 

(57) A devue for delivering a liquid therapeutic 
preparatkjn into the body of a patient by irijection into or 
ttirough the sWn of the patient comprises a Icw-profOe 
housing having a bottom surface adapted to be brought 
into contact with the skin of the patient. A resenrair is 
disposed within the housing for containing a liquid ther- 
apeutic preparation to be administered. An injection 
needle is disposed generally horizontally in the housing 
and is adapted to commu rf cate with the reservoir. The 
if^edkm needle has a bent injection end which is 
adapted to project through a needle aperture in the bot- 
tom surface of the housing. A nxuvable needle carrier is 
disposed in ttie housing tor canying the injecton needle 
and for causing the injection end of the needle to project 
through the needle aperure upon movemerA of the nee- 
dle carrier. The needle carrier and the injection needle 
are disposed in a stde-t}y-srde relationship with the res- 
ervoir in the housing in order to minirraze the height of 
the housing atrave the bottom surfaca As a result the 
housing is sufficiently tow in height to allow the demce to 
be worn inconspicuously under the clothing of the 
pafienL 
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Description 

BadoffDund of the rnyention 

[0001] The present invention relates generally to a 5 
device for deOvering a fiqukl therapeutic preparation into 
the txxly of a patient by injection into or though the 
patient's sWn. More particirfarty. the invention relates to 
a low-prdile automatic injection device that can be worn 
inconspcuously under the clothing of a patient to allow io 
a liquid therapeutic preparation (such as insulin) to be 
administered over an extended period of time, and that 
incorporates a self-emptying reservoir to efinmate ttte 
need for a pump or other type of discharge device. 
[00021 Various types of automatic injection devices is 
have been developed to allcw drug solutions and other 
liquid therapeutic preparations to be administered tjy 
unlrmned personnel. Generally, these devices include a 
reservoir that is pre-filled witti the liquid therapeutic 
preparation, and some type of automatic needle-driving » 
mechanism (usually of the spring4oaded type) that can 
be triggered by the user. Examples of such devices may 
be found in U.S. Patent Nos. 4.188.950, 4.196,732. 
4.258.713. 4.227,528 and 4.378,015. all to Stephen C. 
V^taidlaw. Still further examples can be found in U.S. 2s 
Patent No. 4.214,584 to Smirnov et al.. U.S. Patent Nos. 
4,894.054 and 5.527,287. both to HflisWnyar. and US. 
Patent Ma 5,616,132, to Nawman. 
t0003] In order to start the flew of the liquid therapeu- 
tic preparation when the needle is injected, the devices 30 
disclosed in the aforementioned patents generally 
emptoy movable ampoutes; pistons or other complex 
arrangements which are somewhat difficult to manufac- 
ture. Moreover, the design of these devices generally 
requires that the reservoir be positioned abcve the nee- ss 
die driving mechanism, wfiich results in a device of con- 
sider^e height. This is not necessarily a problem vtrhen 
the drug solution is to be injected as a bolus at one dis- 
crete time, as most of these devices are designed to do. 
but it is a distinct disadvantage when the drug solution 4o 
is to be infused into the patient over an extended period 
of time. In ttiese latter instances, the irijection device 
may have to be held in contact with the patierrt's skin 
{e.g., by tape or an adhesive) for several hours or more, 
and tins is difficult to achieve when the device has a 45 
large hdgfit dimension. 

[0004] Another dass of devices includes those which 
are capable of gradually infuang a liquid therapeutic 
preparation into the sMn of a patient In some cases, 
these ctevices are small enough (both in height and in so 
overall size) to allow them to be "worn" by an ambula- 
tory patient while the liquid therapeutic preparation is 
behg infused into the patienL Examples (rf devices 
which fall in to this dass include those disclosed in U.S. 
Patent Nos. 4,340.048 and 4.753,651, both to Ecken- ss 
hoff, U.S. Patent Na 4,734.092, to Milleid. U.S. Patent 
No. 4,781.688, to Thoma et al., US. Patent No 
4.886,499, to CirelP et al.. U.a Patent Na 5.656.032. to 



Kriesel et al.. and PCT Publication Mos. WO 95^13838 
and WO 97/21457. both to Ban Medical Technotogies. 
Ltd. 

[0005] Unfortunately, most of the automatic infusion 
devices dtsdosed in the prior art are fairly complex in 
design and, as a result cannot be made as smaD and 
inexpensive as might be desired. Generally, the com- 
plexity of these devices results from three factors. One 
factor is the need for a pump or other type of disdiarge 
mecharssm to force the liquid therapeutic preparation to 
flow out of the reservoir and into the injection or infusion 
needle. Another factor is the need for some type of valve 
or ftow control mechanism to cause the liquid therapeu- 
tic preparation to begin to flow at the prc^^er time. A tfird 
factor, which applies to those devices that are designed 
to inject the infusion needle into the patient automati- 
cally, is the need for a sutaUe injection mechanism that 
can be triggered by the user. TTie structores required to 
perform these functions add size and complexity to the 
Infusion device, making it larger than desired and rela- 
tively expensive to manufacture. 
[0006] Accordingly, a need exists for an automatic 
irijection device that is smalt and has a iow-prctfile con- 
ftguration. allowing it to be oonvenienUy handled and 
worn (preferat)ly in an inconspicuous manner urxier the 
dothing) by an arnbulatory patient. A need also exists 
for an automatic ir^ection device which is capable of 
infusing a dmg solution or other liquid therapeutic prep- 
aration into the skin of a patient over an extended period 
of time. Finally, a need exists for an automatic injection 
device whose basic design alkwvs it to be not only email 
and low in height, but also simple and mescpensive to 
marufacture. 

Summary fli the Invention 

[pOOT] In accordance with one aspect of the present 
invention, a device is provided for deSvering a I'quid 
therapeutic preparation into the body of a patient by 
injection into or through the skin of the patient The 
device comprises a housing having a bottom surface 
adapted to be brought into contact with tfie sMn of a 
patient with ttie bottom surface of tfie housing having a 
needle aperture tiierein. A reservoir is disposed within 
the housing for containing a liquid therapeutic prepara- 
tion to be administef ed to the patient. A needle camer is 
also disposed within the housing and is movable 
between first and second positions within ti^e housing, 
such movement occuning in a horizontal direction that 
is generally parallel to the Ixittom surface of tt)e hous- 
ing. An injection needle is canried by the needle earner 
for movement therewith. The irijection needle has a first 
portion extending generally perpendicular to the bottom 
surface of the housing for penetrating the skin of the 
patient and a second portion extending generally paral- 
lel to the bottom surface of the housing for communicat- 
nig with the reservoir. In the first position of the needle 
carrier, the first portion of the injection needle is 
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retracted whhin the housirtg and the secorvl portion of 
the nr^edion needle does not comminvcate mth ttie res- 
ervoir. In the second position of the needle carrier, the 
first portion of 9\e injection needle projects through the 
needle aperture and the second portion of the ii^ectton 5 
needle oommunicates with the reservoir, in mis way. 
movement of the needle carrier between the first and 
second positions causes the injection needle to pene- 
trate the sMn of the patient, and also causes the Gquid 
therapeutic preparation to t}egln to flOMr through the 10 
ir^ection needle into the body of the patient. 
[0008] bi accordance with a further aspect of the 
present invention, a device for delivering a liquid tttera- 
peuSc preparation into the body of a patient by irijection 
into or through the skin of the patient conprises a low- is 
profile housing having a bottom surface adapted to be 
brought into contact with the slwi of the patienL The bot- 
tom suriace of the housing has a needle aperture 
therein, and the housing is suffidentiy low in height to 
aOow the device to be worn inconspicuously under the 20 
dolNng of the patienL A resenreir is disposed witiiin the 
housing for containing a liquid therapeutic preparatbn 
to be administered. An irijection needle is disposed gen- 
eraly horizontally in the housing, and Is adapted to 
communicate with the reservoir. The injection needle 25 
has a bent injection erxl which Is adapted to project 
through the needle aperture. A movable needle carrier 
is disposed in the housing tor carrying the injection nee- 
dle and for causing the injection end of the needle to 
project through the needle aperture upon movement of 30 
the needle carrier. The needle carrier and the injection 
needle are disposed in a side-by-side relationshf) with 
tiie reservoir in the housing in order to minimize the 
height of the housing above the bottom surfaca 
[00091 In accordance with a still further aspect of the as 
present invention, a device for delivering a liquid thera- 
peutic preparation into the body of a patient by injectton 
into or through the skin of the patient comprises a hous- 
ing adapted to be held in contact with the patient's skin. 
A reservoir is disposed within the housing for containing 40 
a liquid ttierapeutic preparation to be administered. The 
reservoir includes a BelleviSe spring wivch exerts pres- 
sure on the liquid therapeutic preparation to discharge 
the liquid therapeutic preparation from the reservoir at a 
relatively constant rata An injection needle is adapted 45 
to conwnunkate with the resenrair and to project from 
the housing in order to inject the liquid therapeutic prep- 
aration into or tiirough the skin of tiie patient. 

Brief Descriotion of the Drawlnos so 

[0010] Tlievartous Objects, advantages and novel fea- 
tures of the present invention will be more readily appre- 
ciated from the following detailed description when read 
in coitjunction with the appended drawings, in which: 55 

Rg. 1 is a tc^ (perspective view of an automatic 
irijection device constructed in accordance with a 
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f irst embodiment of tiie present invention; 
Rg. 2 is a bottom perspective view of the ffijtomatic 
ir^ection device of Rg. 1, illustrating the needle 
aperture and peelabte release liner thereof; 
Rg. 3 is a partially exploded perspective view of the 
automatic injection device of Figs. 1 and 2. with the 
top portion of the housing renrxjved andthe internal 
oonvonents of the device shown In their operative 
positions in the bottom portion of the housing: 
Rg. 4 is a fuDy exploded perspective view of tiie 
automatic injection device of Rgs. 1-3, with tiie 
internal components of the device shown removed 
from the bottom portion of the housing; 
Rg. 5 is a cross-section^ view taken along tiie line 
5-5 in Rg. 1, iDustrating the components of the 
automatic injection devk:e in tine positions they 
oociqiyprtortouseolflie devtoe; 
Rg. 6 is a cross-sectional view simitar to that of Rg. 
5, illustrating the components of the automatic 
b^ection device in 9ie positions they occipy during 
and after use: 

Rg. 7 is an enlarged side view of the injection nee- 
dle used in tfie devtoe of Rgs. 1 -6, shoviring the cap- 
iPary tube that is used fbr flow rate control; 
Rg. 8 is a side view of an alternative embodiment of 
tiie injection needle in which a valve is used for flow 
rate control; 

Rg. 9 is a cross-sectional view of the liquid reser- 
voir or dose chamber used in the device of Rgs. 1 - 
8, with the liquid therapeutic preparation present 
within the reservdr: 

Rgs. 10 and 1 1 illustrate tiie component s of the iq- 
iBd reservoir of Rg. 8 and the manner in which they 
are assembled; 

Hg. 12 is an escpkxJed perspective view of an auto- 
matic injection device oonst'ucted in accordance 
witii a second embocfiment of the present invention; 
Rg. 13 is a cros&«ectional view of the automatic 
irijection device of Rg. 12, shOMm fully assembled; 
and 

Rg. 14 is an enlvged view of a portion of Rg. 13, 
Sustrating the manner in which the ftow of the drug 
solution to tiie injection needle is contioBed. 

[0011] Throughout the drawings, like reference 
numerals win be understood to refer to like parts and 
con^xjnents. 

DetaPed Description of the Preferred Embodiments 

[001 2] An automatic injection device 20 oonstucted in 
accordance witti a first embocfiment of the present 
invention is illustrated generally in tiie top and bottom 
perspective views of Rgs. 1 and 2, respectively. The 
device 20 includes a rigid external housir^ 21 that con- 
sists of an upper housing portion 22 and a tower hous- 
ing porticMi 24. The housing portions 22 and 24 may t>e 
made of a suitaUe plastic material, such as pdycar- 
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bonate, and are joined to each other atorrg a horizorttal 
seam 26. The plastic material used for the housing 2^ is 
preferaijiy opaque, but may be transparent or transhJ* 
cent II desired. When viewed from above or below, the 
housing 21 has an oblong she^ewth rounded ends, as 5 
shoOTLThetoiwanJend28ofthe housing21 is closed, 
but the rear end 30 of the housing indudes a horizon- 
tally-extending slot 32 (formed by a notch in the upper 
housing portion 22) which allows access to the interior 
of the housing. The slot 32 allows a pre-fiUed liquid res- w 
ervoir or dose chamber to be installed in the housing 21 
after the dewce 20 has been assembled. Horizontal, 
crescent-shaped cut-outs 34 and 36 are formed in the 
upper and lower portions 22 and 24 of the housing 21 at 
the rear end 30 thereof to aDow the liquid reservoir to be 15 

fully inserted. 

100131 As shown in Fig. 1. the n)per portion 22 of the 
housing is formed with a recessed area 38 in which a 
hole 40 is tanned. Ttie hole 40 is elongated in the 
lengthwise cfirection of the derice 20, and aocommo- 20 
dates a slide button 42 which is operated by the user. 
The top surface of the sDde button 42 is nbbed in a 
direction perpendicular to the direction of txitton move- 
ment, as shown, to allow the user's finger to engage the 
button 42 without sfipping. The button 42 is inltiany in 2S 
the position shown in Fig. 1 and is moved reanwardly 
(i.e., in the direction toward the rear end 30 of the hous- 
ing 21) by the user during operation of the device 20. As 
win be described in detail bolcw. movement ol the but- 
ton 42 causes an injection needle to project from the 30 
bottom of the housing 21 and also causes ttie liquid 
therapeutic preparatbn to begin to flow through the 
Ir^ection needle from the internal reservoir. 
[00141 As shown in Fig. 2, the bottom surface of the 
housing is flat and cairies a layer of pressure-sensitive 35 
adhesive 44 which allows aw device 20 to be aTixed to 
the skin of a patient The tackiness of Oie adhesive layer 
44 is sufficient to allow the dance 20 to remain securely 
attached to the patient's body, txit is weak enough to 
aBow the device 20 to be removed from the skin after « 
use without discomfort. A suit^e adhesive which may 
be used for this purpose is available fnsm 3M Company 
of SL Paul, Minnesota. Preferably, the bottom surface of 
the housing 21 is roughened or textured to allow for bet- 
ter adheston of the pressure-sensitive adhesive layer 44 45 
to the plastic material of the housing. A release liner 46, 
made of coated paper or a tNn sheet of plastic, covers 
Uie adhesive layer 44 prior to use of the device 20. 
When the release liner 46 is removed, it uncovers not 
only the adhesive layer 44 but also a small round hole so 
48 that is farmed through the bottom portion 24 of the 
housing near Its forward end 28. The hole 48 serves as 
a needle aperture for allowing an injection needle to 
protnjde from the bottom of the device 20 when the 
slide button 42 of Rg. 1 is actuated, as wiO be descr9)ed 55 

in detafl below. 

[00151 In the preferred entndiment the automatic 
ic^ action deirice 20 of Hgs. 1 and 2 is approximately 3.6 



inches in Iwigth. approxiniately 1.8 inches in width and 
approximately 0.4 inch or less in height However, these 
dimensions are given merely by way of example and not 
by way of timilation. it being understood that both the 
dimensions of the device 20 and its overall shape or 
geometry may be varied in order to suit the require- 
ments of particular appfications. 
[001 61 Rgs. 3 and 4 are exploded views which illus- 
trate the internal components of the automatic injection 
device 20. Tliese components include a fiquid reservoir 
or dose chamber 50, a needle carrier 52 and an injec- 
tion needle 54. The liquid reservoir 50. whose detailed 
construction will be discussed b^cm in connection with 
Figs. 9-1 1 . is preferably in the form of a thin disk-shaped 
structure as shown. A cylindrical f DI and dscharge port 
56 is formed on the side of the resenrair 50 and faces 
the rear edge 69 of the needle cairier 52. Tlie Bc^d res- 
enoir 50 is made of a suHabie plastic material, such as 
ABS plastic and defines a thin, disk-shaped internal 
chamber in which a liquid therapeutic preparation (such 
as insulin) is stored. The circular aperture 57 of the port 
56 is closed off try an internal, self-sealing rubber sep- 
tum (not visible in Rgs. 3 and 4) which maintains the 
resenrair 50 in a sealed condition until it is penetrated by 
the Injection needle 54 during use of the device 20. 
PreferaWy. the resenrtwr 50 is pre-f31ed with tiie liquid 
therapeutic preparation (via needle Injection through the 
port 56) and is Inserted into the automatic injection 
deirice 20 through the slot 32 after the device 20 has 
been assembled. When the reservoir 50 is inserted into 
the slot 32, a pair of upstanding ramps 58 which are 
integrally fonned on the bottom portion 28 of the hous- 
ing assist in locating ttie reservwr 50 at the proper 
height within the housing. A sinfiilar pair of ramps 60, 
spaced more dosely together and located ctoser to tiie 
fbrwaid end 28 of the housing tiian the ramps 58. 
engage a pair of horizontal wings or tabs 62 which 
extend from eitiier side of the port 56. As a result the 
circular aperture 57 at the center of the port 56 is 
aligned precisely with the reanwardly-facing end 63 of 
ttie injection needle 54. When the reservoir 50 reaches 
ttie proper position within the housing 21, the rear 
edges of the wings 62 are captured between a pair of 
upstanding detents 64 which, like the ramps 58 and 60. 
are formed integrally with the bottom portion 24 of the 
housing 21. The detents 64 serve to took the reservoir 
50 in position within tiie housing 21 of the automatic 
injection device 20. The reservoir 50 is guided into 
engagement witti tiie detents 64 by a shallow channel 
65 which receives the towermost edge of the port 56 
and extends longitudinally along the interior surface of 
tiie bottom housing portion 24. A similar channel 66 
extends longitudinally along ttie interior surface of the 
upper housing portion 22 to receive and gukto the 
uppermost edge of the port 56. 
[0017] WiUi continued reference to Figs, 3 and 4, the 
needle earner 52 is recoved in the tower portnn 24 of 
the housing in a side^-skte relationship with the reser- 
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voir 50. The needle carrier 52 ts made of a strip of resi^ 
lent plastic materia), such as 0.040 inch thick ABS 
plastic. The needle carrier 52 includes a generally rec- 
tangular guide porlion 68 on which the slide button 42 is 
inteyaDy formed. The rear edge 69 of the ginde portion 5 
68 faces the resenoir SO. and is separated from the port 
56 of the reservoir by a small gap 70 as shoMm in Rg. 3. 
Integral with the guide portion 68 of the needle carrier 
52 is a resiDentty deflectable portion 71 which, when 
viewed from above, has an arcuate or curved shape 10 
corresponding generdly to the shape of the fonward por- 
tion 28 Of the housing. As best seen in Rg. 4. the resit- 
iently deflectabie portion 71 of the needle carrier 52 is 
angled downwardly (preferably by about 7^ from the 
plane of the guide portion 68 when ttie deflect^e por- is 
tion 71 is in its relaxed or unstressed condition. The 
injecton needle 54 is secured to the bottOTi surface of 
the needle carrier 52 in a manner such that the main or 
urgent portion 72 of the injection needle 54 extends 
approximately parallel to the plane of the lower housing 20 
portion 24 and is aligned with the longitudinal center line 
of the dence 20. The ii^ection needle 54 may be affixed 
to the lower surface of the needle carrier 52 in any 
desired manner, but the prefened method is to capture 
portions of the Inlecfion needle 54 between projections 25 
(two of which are visible at 74 in Rg. 4) extending from 
the lower surface of the needle canier 52. An epoxy 
rean may also be used to secure the injection needle 54 
in place. The fbrward or distal end 76 of the injection 
needle 54 is bent at an angle of about 90" relative to the 30 
main or proximal portion 72 of the injection needle, and 
penetrates the sWn of the patient during cperalion of the 
device 20. As described below in connection with Figs. 
7 and 8, tfie injection needle 54 is preferaWy made up of 
two connected sections of hollow 30-gauge stsunless 3s 
steel cannula, with each section groimJ at an angle at 
its free end to provide a sharpened distal end 78 and a 
sharpened proximal end 63. The 90» bend which sepa- 
rates the distal portion 76 of the injection needle 54 from 
the main or proodmal portion 72 is preferably in the form 4t 

of a smoott> are, as shown, in order to avoid any 
obstruction in the flow of the Hquid therapeutic prepara- 
tion through the Injection needle 54. 
[0018] Unlike the liquid reservoir 50, which is held at 
a fixed position wittiin the housing 2 1 , the needle canier * 
52 is stidable relative to the kwer portion 24 of the hous- 
ing. This is achiewed by means of a pair of upstanding 
guide track structures 82 which are fonned integrally 
with the lower portion 24 of the housing. As best seen in 
Rg. 3, tfie rectangular guide portion 68 of ttie needle & 
carrier 52 is slidably received between the guide tracks 
82 so that it can move longtixlin^ly (i.a, in the direction 
toward the liquid reservoir 50) when the slide button 42 
is manipulated by IN user. This provides a correspond- 
ing motion of the irq'ection needle 54, which is affixed to 5 
the bottom of fte needle carrier 52 as described previ- 
ously. During movement of the needle canier 52. the 
upper and lower horizontal portions of the giflde tracks 



82 restrain vertical movement of the guide portion 68. 
When the needle carrier 52 is at its fonwaidmost posi- 
tion in the kjwer housing portion 24, the front edge 85 of 
the resiliently deflectable portion 71 is deflected 
upwardly from its relaxed or unstressed corfiguraljon by 
a pair of upstanding rectangular sigjports or prejedions 
84 wfuch are formed integrally with the Ixrttom portion 
24 of the housing near its forward end 28. Since ttie 
glide portion 68 at the rear of the needle carrier 52 is 
prevented from moving upwardly by the guide tracks 82. 
fte needle canier 52 is thus maintained in a resiliently 
sfressed condition vnth the forward edge of the resil- 
ientiy deflectable portim 70 bearing downwardly on the 
supports 84. This is the condition in wfvch the needle 
carrier 52 exists prior to use of the automatic injection 
dance 20. When ttie device 20 is used, the needle car- 
rier 52 is moved (via the sfide button 42) in the direction 
toKvard the resewoir 50. thereby removing the fbnwaid 
edge 85 of ttie resiliently deflectaijie portion 70 from 
contact witti the supports 84. This allows ttie resilientty 
deflectable portion 70 of the needle carrier 52 to deflect 
downwardly under its own inherent spring force. This 
motion provkles ttie injection force ttial causes ttie distal 
portion 76 of ttie irijection needle 54 to penetrate ttie 
skin of ttie patient 

[001 9] As shovwi in Rgs. 3 and 4, upstanding cylindri- 
cal sockets 86 are integrally formed on ttie interior sur- 
face of ttie lower housing portion 24. These sod^ets 86 
male witti corresponding pins or studs 88 which are 
fomied integrally viritti ttie interior surface of tiie upper 
housing portion 22 and virtiich extend downwardly 
toward ttie lower housing portion. Tight engagement 
between the pins 88 and sockets 86 sen/es to couple 
ttie upper and lower housing portions 22 and 24 
togettier during asseml^ of ttie automatic injection 
dance 20. 

[0020] Rgs. 5 and 6 axe cross-sectional views which 
illustrate ttie manner in vwhich ttie automatic injection 
device 20 is used. Rg. 5 illustrates ttie derice 20 as it 
would appear prior to use, with ttie slide button 42 in its 
fonwardmost position and ttie distal tip 78 of ttie injection 
needle 54 recessed wittiin tiie forward end 28 of ttie 
housing 21. The release liner 46 has been removed 
from ttie bottom of ttie housing 21 in Rg. 5. and ttie bot- 
tom surface of ttie housing has been placed against ttie 
sWn of ttie patient (not shown) so ttiat the needle aper- 
ture 48 is directiy over the desired injection site. Wtien 
ttie slide button 42 is moved reanwardly in ttie hole 40 
Ci.e.. in ttie direction toward ttie reservoir 50). ttie fbr- 

I ward edge 85 of the deflectable portion 71 of ttie needle 
earner 52 Is wittidrawn from the supports 84. allowing 
ttie deflectable portion 71 to resifientty return to its 
relaxed or unstressed condition as shown in Rg. 6. 
When ttiis occurs, ttie bent portion 76 of ttie injection 

I needle 54 projects downwardly ttvough ttie needle 
aperture 48 and ttie sharpened distal tip 78 of ttie irijec- 
tion needle penetrates ttie skin of the patient The deptti 
of penefration is preferably about 3 nrrilfimeters at less. 
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At the same tune, the rearward movement of the needle 
earner S2 causes the sharpened tip 63 at the pnsdmal 
end of the injection needle 54 to penetrate a self-sealing 
rutiber septum 90 in the port 56 of the liquid reservoir 
50. The proKbnal end of the ir^ecfon needle 54 thereby 
enters tfie liquid chairiser within the reservoir 50, as 
shown in Rg. 6, and a flow path is established t)etween 
the reservoir SO and the txxly of the patient through the 
lumen of the injection needle 54. It will ba appreciated 
that contact between the port 56 and the read edge 69 
of the needle carrier 52 will act as a stop for the rear- 
ward motion of the injection needle 54, thereby limiting 
the depth of penetration of the injection needle 54 into 
the reservar 50. As will be discussed in connection with 
Rgs. 7 anti 8, the rate of liqud flow through the injection 
needle 54 is controlled so that the liquid tfierapeutic 
preparation is discharged from the reservoir 50 gradu- 
ally over a predetermined interval. In the case where the 
liquid therapeutic preparation is insulin, for example, 
this period of time ma^ be apprcodmatdy twenty4our 
hours. As v^f become apparent from the discussion of 
Rgs. 9-1 1 below, the inh^ent resiliency of the trails of 
the liquid reservoir 50 allows the liquid therapeutic prep- 
aration to be discharged from the reservoir 50 without 
the need for a puirp or other type of discharge device. 
[0021] Rg. 7 Olustrates a preferred type of irijection 
needle 54 which may t>e enployed in the present inven- 
tion. The injection needle 54 is made up of two sections 
92 and 94. each consisting of a length of 30-gauge 
stainless steel cannula. A glass capillary tube is tightiy 
received in the lumens of ttie cannula sections 92 and 
94 and serves to couple them together. The length and 
inner diameter of the glass capillary tube 96 provides a 
fixed, calibrated flow resistance that establishes the rate 
of liquid flow through the irtjection needle 54. In the pre- 
ferred embodiment, the glass capillary tube 96 has a 
lengtt) of approximately 1 inch, an outer diameter of 
appfmdm a tely 150 microns and an inner (Sameter of 
approximately 29 microns. The epoxy resin that is used 
to attach the injection needle 54 to the needle carrier 52 
may also be used to secure the connection between the 
glass capillary tube 96 and the stainless steel cannula 
sections 92 and 94. 

[00221 Fig. 8 illustrates a modified embodiment in 
Wiethe cannula sections 92 and 94 are coupled by a 
valve 98 ratiier than by the glass capiDary tube 96. 
When the valve 98 is dosed, the liquid therapeutic pr^ 
aralion is prevented from flowing through the injection 
needle 54. When the valve 98 opened, the Bquid ther* 
apeutic preparation can flow through the injection nee- 
dle 54 and into the body of the patient The size of the 
valve orifice controls the rate of liquid flow through the 
ir^ection needle 54. The valve 98 may be conbolled 
either mechanic^ly or electiicaOy. In eitiier case, the 
valve control can be interconnected with the slide button 
42 or provided as a separate control on the exterior of 
the housing 21. Optionally, a proportional valve may be 
used so that the rate of liquid flow through the iiijection 



needle 54 can be varied to suit the requirements of par- 
ticular patients andtor fiqidd therapeutic preparations. 
[p023!\ 9*1 1 illustrate the details of the liquid res- 
ervoir 50. In Rg. 9, the reservoir 50 is shown in its 

s assembled condition and is fined with a liquid therapeu- 
tic preparation 100. The body of the reservoir 50 con- 
sists of two circular Belteville spring diaphragms 102 
and 104 which are bonded to each otiter at their edges. 
Each Believe spring diaphragm is about 1.70 inches in 

10 dianieter and is made of a suitable resilient plastic 
material, such as ABS or polycaitTonate. Each BellwiDe 
sprir^ diaphragm 102 and 104 includes an outer annu- 
lar portion 106 which has a thickness of about 0.030 
inch, and a thinner central disk portion 108 which lias a 

15 thickness of about 0.020 inch. Semi-cylindrical struc- 
tures 110 and 1 12 extend from one side of each Bel- 
leville spring diaphragm 102 and 104 to form the port 
56. A setf-sealing cylirxlrical rubber septum 90 is cap- 
tured virithin a conespondingty-shapedcavity in the port 

20 56 to seal the aperture 57. which serves as the inlet and 
ouUet of tiie reservoir 50. In the empty condition of the 
reservoir 50. ttie inner surfaces of the Belleville spring 
diaphragms 102 and 104 are in contact with each other 
as shown in Rg. 11. The Squid therapeutic preparation 

25 100 is injected under pressure by a filling needle 
through the rubber septum 90, and this caises the Bel- 
levaie spring diaphragms 102 and 104 to ibrcbly sepa- 
rate as shown in Rg. 9. When ttie filling needle is 
removed, ttie rubber septum 90 seif-se^s and main- 

30 tains tt)e Dquid therapeutic preparation 100 in a pressu- 
rized condition within the reservoir 50. 
[0024] Rg. 1 0 illustrates the configuration of ttie Bel- 
leville spring diaphragms 102 and 104 before ttie reser- 
voir 50 is assembled. As illusb^ated, each Belleville 

35 Spring diaphragm 102 and 104 has the stape Of a trun- 
cated cone, with the apexes of tiie two truncated cones 
facing each other. During the assembly process, the 
outer edges of ttie two Beleville spring diaphragms 102 
and 104 are forced togettier and are secured to each 

40 otiier by ultrasonic welding. The ultrasonic welding 
process bonds the edges of the two Belleville spring 
diaphragms 102 and 104 together at aD pdnts along 
ttieir peripheries, except for a gap in the region of the 
port 56. The gap provides a liquid channel which com- 

45 murwcates with the septum 90 and aperture 57. After 
the ultrasortic bonding operation is ocmiplete, the reser- 
voir 50 has the configuration shown in Rg. 1 1 . As noted 
eariier, introduction of the liquid tiierapeutic preparation 
100 under pressure ttvough ttie seplum 90 causes ttie 

50 Belleville spring diaphragms 102 and 104 to separate, 
leaving tiie reservoir in the condition shown in Rg. 9. 
The resiliency of the Belleville spring diaphragms 102 
and 1 04 (which tends to retum ttiem to ttie configuration 
shown in Rg. 10) maintans ttie Dquid therapeutic prep- 

59 aration 100 under pressure. When the irijection needle 
54 of ttie automatic injeclion device 20 peneti al es ttie 
septun 90, tiie pressure exerted by ttie Belleville spring 
diaphragms 102 and 104 causes ttie liquid tfierapeutic 
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preparation 100 to be dscharged through the irijection 
needle 54 ¥vithout the rieed for a purnp or other type of 
discharge device. 

[0025] One of the advantages of the reservoir cort- 
struction shown in Ftgs, 9-11 is that the BeOeviUe spring 
cfiaphragms 102 and 104 exert a relatively constant 
pressure on the Hqiid therapeutic preparation 100 tfiat 
is essentially independent of the amount of fiqiuid 
remaining within the reservoir 50. This produces a rela* 
lively constant flow rate of the liquid therapeutic prepa- 
ration 1 00 through 9\e injection neede 54. wfiich allows 
the liquid therapeutic preparation 100 to t)e adminis- 
tered to the patient at a constant infusion rate. In order 
to acNeve this result, a specific geometry Is preferably 
used for each of the Belleville spring diaphragms 102 
and 104. In particular, It has been found that the ratio 
between the vertical height projection of the thicker 
annular region 106 of each Belleville spring diaphragm 
(the (Smension "h" in Rg. 10) and the ttwdmess of this 
region (tiie dimension T in Fig. 10) should be in the 
range of about 1.7 to about 2.0. For a Belleville spring 
diaphragm having an effective diameter (the dimension 
"d" in Fig. 10) of about 1.70 inches, the dimension li* 
preferably has a value of about 0.060 inch and the 
dimension T preferably has a value of abcHit 0.030 
inch. When the resenroir 50 is completely filled with the 
liquid therapeutic preparation as shown in Ftg. 9. the 
interior hoght dimen^n at the center of Sie reswvm is 
about 0.060 inch. 

[0026] Rg. 12 is an exploded perspective view of an 
automatic injection device 116 constructed in accotd- 
ance witft a second embodiment of the present inven- 
tion. In this embodiment, tiie liquid reservoir 116 
comprises two flexible membranes 120 and 122, made 
of rubber or plastic, which are bonded togetiier at their 
outer edges. A BelieviDe washer 124 with a hollow 
center 126 is bonded to ttie outside of the top menv 
brane 120, and a similar BeRevHIe washer 128 {visMB in 
Rg. 13) witii a hollow center 130 is bonded to the out- 
side of the tx>ttom memtxane 122. Except for their hol- 
low centers 126 and 130, tiie Belleville washers 124 and 
128 are similar in construction and function to the Bel- 
leville spnng diaphragms 102 and 104 shown In Ftgs. 9- 
11. In the embodiment of Rg. 12, however, tfie sole 
function of the Bellevffle washers 124 and 128 is to 
pressurize the fiquid therapeutic preparation contained 
witiiln the liquid reservoir 1 18, but the Belleville washers 
124 and 128 do not themselves fonn tiie wails of the 
chairber. The latter function Is carried out by ttie 
bonded membranes 1 20 and 1 22. This is advantageous 
in allowing the material of the Belleville washers 124 
and 128 to be selected solely on tt)e basis of its 
mecharvcal characteristics, without regard to ils conh 
patibllity with ttie liquid tiierapeutic preparation con- 
tained In the reservoir 1 18. 

[0027] With further reference to Rg. 12, the Rqud res- 
ervoir 118 is enclosed in a housing which consists of an 
igjper portion 132 and a lower portion 134. Pins 136 



extend downwardly from tiie upper portion 132 of the 
housing and note with sockets 138 formed in the lower 
portion 134 cS the housing after passing ttirough holes 
140 located at ttie periphery of the bonded membranes 

5 120 and 122. TNs method of construction serves to 
couple the upper and tower housing portions 132 and 
134 together while property locating ttie liquid reservoir 
1 18 within ttie housing. Also visible in Rg. 12 is an ii^ec* 
tion needle 142 which comnuticates virith ttie liquid res- 

10 ervofa' 118. The injection needle 142 consists of a 
straight stainless steel cannula 144 which is ground at 
an angle at its lower end, and is capped at its upper end 
by a round plastic insert 146. Actuation of a hinged cut- 
out section 148 of the u;^er housing portion 132 by tiie 

]5 user causes ttie injection needle to be displaced 
ttvough a deRvery node 1 50 formed in an extension 152 
of the liquid reservoir 118. The delivery node 150 is in 
fluid communication with ttie liquid tiierapeutic prepara- 
tion in the reservoir 118 by means of a glass capillary 

20 tube 154 which sen/es as a fixed flow resistor and 
establishes ttie desired flow rate of ttie liquid ttierapeutic 
preparation through tiie injection needle 142. 
t0028] The manner in which the automatic injection 
device 116 of Rg. 13 Is used will now be explained wntti 

25 reference to Figs. 13 and 14. After ttie device 116 Is 
assembled, ttie liquid reservoir 1 18 is filled by inserting 
a suitable filling nozzle ttirough a hole 158 formed in ttie 
iqjper portion 132 of tt» housing and coupfing ttie f Dling 
nozzle to a port 156 k)cated on ttie rear portion of ttie 

30 reservoir 118. A ball-type check valve 160 allowstiieliq- 
uid therapeutic preparation to enter ttie reservoir 118 
but prevents it from being discharged ttirough ttie port 
156 after ttie reservoir has been fflled. Riling of ttie res- 
ervoir 118 will cause ttie membranes 120 and 122 and 

35 ttie Bellevillewashers 124 and 128 to forcibly separate, 
thereby defining a liquid chamber between tiie sepa- 
rated membranes and Belleville washera Prior to use of 
ttie device 116, ttie mov^e section 148 of ttie upper 
housing portion 1 32 is in ttie portion shown in solid lines 

40 in Rg. 14. In ttiis position, the cannula 144 of ttie injec- 
tion needle 142 is recessed entirety within the housing, 
andahde 162 formed in ttie side of the cannula 144 is 
focated at a position above and outside the delivery 
node 150. As shown in Rg. 13, ttie plastic cap 146 at 

45 ttie top of the injection needle 142 is field in a socket 
164 which is affixed to the bottom surface of ttie mova- 
ble housing section 148. To inject tiie needle 142, ttie 
user depresses ttie movable housing section 148 until it 
reaches ttie soOd line position shown 'm Fig. 13. This 

50 causes the distal end of the injection needle 142 to 
project from a needle aperture 1 66 in ttie bottom portion 
134 of ttie housing, and also causes ttie portion of ttie 
injection needle cannula oontairting ttie hole 162 to 
enter ttie delivery node 150 (as illustrated in phantom 

55 fines in Rg. 14). When ttie hole 162 afigns witii ttie 
center of the defivery node 150, a Iquid patti exists 
between tiie interior of ttie reservmr 118 and ttie distal 
tip of the iri'ection needle 142. The fiquid tiierapeutic 
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preparation is then automatically discharged from the 
reservoir 116 through 8ie injection neede 142 in the 
same manner ^ in the previous embodiment, with the 
rate of discharge being established by the dimensions 
of flie glass capmary tube 1 54. An elastomeric seat 168 s 
Is provided in the delivery node ISO In older to prevent 
leakage of the liquid therapeutic preparation at the 
membranes 120, 122 and the cannula 144 of the injec- 
tion needle 142. The eiastomeric seal 168 also deTines 
a central opening 170 with v^ich the side opening 162 w 
in the needle cannula 144 can align, th^eby insuring 
that the desired fluid path will exist The opening 162 
can be formed in the cannula 144 in various wEQTS, but a 
technique known as electrical discharge machining 
(EDM) is particularly useful for this purpose. 15 
[0029] After the liquid therapeutic preparation has 
been completely discharged from the reservcrir 1 18. the 
automatic injecb'on device 116 can be removed from the 
body of the patient in the same manner as the device 20 
described previously. At this point, ttie movable sectkm so 
148 in ttie upper portion 132 of the housing can be 
raised to the position shewn In phantom lines In Fig. 13. 
When this Is done, the cannula 144 is withdrawn from 
the delivery node 150. and a spring 172 in the sodttt 
164 causes the Injection needle 142 to pivot to a posi- es 
tion generally parallel to the inside surface of the mova- 
ble housing section 146. The movable housing section 
148 may then be restored to its ck}sed posflioa leaving 
the injection needle 142 fully rrtracted at a safe position 
within the housing. 30 
[0030] It will be appreciated that the automatic injec- 
tion devices 20 and 1 16 can be used to administer virtu- 
ally any type of therapeutic preparation that is in a liquid 
or flowable form. Examples include liquids, solutions, 
suspensions, flowable gels and the like. It wiO also be as 
apparent that the devices 20 and 1 16 can be used for 
either Intradennal, subcutaneous, intramuscular or 
intravenous delivery of the therapeutic preparation. 
[0031 ] Although or^ two exenq^y embodiments d 
the invention have been described in detail above, tfiose 40 
skilled in the art will readily appreciate that many modi- 
ffoations are possible in the exemplary emboc&nents 
witfiout materially departing from the novel teachings 
and advantages of this invention. Accotdingly. all such 
modifications are intended to be included vadin the 4S 
scope of the invention ss defined in the tt^fowing claims. 

Claims 

1 . A device for delivering a Hquid therapeutic prepara- so 
tion Into the body of a patient by injectfon into or 
through the skin of the patient, comprising: 

a housing having a txittom surface adapted to 
bB tHOught into contact witti tfie skin of a 59 
patient, said txrtiom surface having a needle 
aperture therein: 

a reservoir disposed within said housing for 



containing a liquid therapeutic preparation; 
a needle earner disposed witMn saad housing 
and movable between first and second posi- 
tfons within said housing, said movement 
occuning in a horizontal direction generally 
parallel to said bottom surface; and 
an irqection needle carried by said needle car- 
rier for movement therewith, said irijection nee- 
dle having a first portion extending generally 
perpendicular to the bottom surface of said 
hou^ng for penetrating the skin of the patient 
and a second portion extending generally par- 
aHel to tfie botimn surface of said tnusng for 
communicating with said resen/oir; 
wherein in said first position of said needle car- 
rier said first portion of said injection needle is 
retracted within sead housing and said second 
portion of said injectfon needle does not com- 
municate with said resen/oir. and in said sec- 
ond position of said needle carrier said first 
portion of said ir^ection needle projects 
through said needle aperture and said second 
portion of said injection needle communicates 
wifli said reservoir, v^ereby movement of said 
needle carrier t>etween said first and second 
positions causes said tr^ection needle to pene- 
trate tiie skin d tfie patient and said Rquid ther- 
apeutic preparation to begin to flow tiirough 
said injection needle into the body of the 
patient 

2. A device as claimed in daim 1 , further corrprising a 
resilient actuator for causing said first portion of 
said injection needle to project tiirough said needle 
aperttf e when sad needle cam'es is moved from 
said first position to said second position. 

3. Adetrice as claimed in daim 1, wherein said needle 
carrier indudes a manually operable sGde button for 
moving said needle carrier between sad first and 
second positions, said slide button t>eing accessible 
ttvough an operwig in a top surface of said housing. 

4. A device as claimed In daim 1 , wherein said reser- 
voir is resllierrtly expandable in order to exert pres- 
sure on a liquid therapeutic preparation contained 
therein, whereby said liqukf therapeutic preparation 
is automatically dscharged from said reservoir 
when said second portion of said irijection needle 
oommunicates witti said resenotr. 

5. A device as claimed in claim 4, further comprising a 
flow regulator disposed in ttie flow path of said liq- 
uid tiierapeutic preparation for causing said liquid 
therapeutic preparation to be discharged from said 
reservoir at a controlled rate. 

6. Adevice as claimed in daim 4, wherein said reser- 
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vw tnctudes a setf-seaGng fill port for aOowing said 
liquid therapeutic reparation to be introduced into 
8EUd reservoir underpressure. 

7. A device as daimed in daim 1. further comprising s 
an adhesive layer in the txAtom surface of said 
housing for adhering said device to the skin of a 
patienL 

8. A device for delivering a liquid therapeutic prepara- io 
tion into the body of a patient by injection into or 
ttrough the skin of the patient comprising: 

a housing adapted to be held in contact with 
theskinof a patient; 

a reservoir disposed within said housing for 
containing a liquid therapeutic preparation, 
ssdd reservoir inducSng a Belleville spring 
which exerts pressure on said liquid ttierapeu- 
t'c preparation to dscharge said liquid thera- 20 
peutic preparation from said resovoir at a 
relatively constant rate; and 
an injection needle adapted to communicate 
with said reservoir and to project from said 
housing in order to Inject said fiqini therapeutic 2s 
preparation into or through the sidn of the 
patient. 

9i A device as darned in daim 8, wherein said reser- 
voir indudes a self-sealing fill port for allowing said so 
liquid therapeutic preparation to be introduced into 
reservoir under pressure. 

10. A device as daimed in daim 8, further comprising a 
ftow regulator disposed in the flow path of said Bq- 35 
idd th&apeutic preparation to cause said liquid 
therapeutic preparation be discharged from sad 
reservoir at a oontrolled rate, said flow regulator 
being selected from the group consisting of aflxed 
flow resistor and a controllabie valve. ^ 
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